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commonly manifests with fatigue, pallor, and shortness of 
breath, while neutropenia increases the risk of recurrent or 
severe infections, and thrombocytopenia may result in easy 
bruising, petechiae, gingival bleeding, or epistaxis [1].

Prognostic classification is commonly based on the Inter-
national Prognostic Scoring System (IPSS), the revised IPSS-
R and International Prognostic Scoring System-Molecular 

Introduction

Myelodysplastic syndromes (MDS) are clonal disorders of 
haematopoietic stem cells characterised by bone marrow 
dysplasia and ineffective haematopoiesis. The resulting 
cytopenias including anaemia, neutropenia, and thrombocy-
topenia are associated with impaired quality of life. Anaemia 
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Abstract
Myelodysplastic syndromes (MDS) are clonal stem cell disorders managed by risk stratification: lower-risk disease 
receives erythropoiesis-stimulating agents; higher-risk disease receives azacitidine. Red blood cell (RBC) transfusions 
manage symptomatic anaemia and improve quality of life (QoL) but carry risks of iron overload and alloimmunisation. 
No standardised transfusion strategy exists, requiring systematic evidence synthesis comparing liberal versus restrictive 
haemoglobin (Hb) thresholds for their effects on quality of life and transfusion-related complications. We performed a 
systematic review evaluating liberal versus restrictive RBC transfusion thresholds in adults with MDS not undergoing 
curative treatment such as stem cell transplantation. Primary outcome was health-related QoL measured by validated 
instruments. Secondary outcomes included mortality, transfusion reaction, iron overload, RBC utilisation and rise in 
ferritin level. Of 4,295 records screened, 212 articles underwent full-text review, with three RCTs meeting inclusion cri-
teria. Liberal transfusion strategies were associated with improved QoL compared to restrictive approaches, with pooled 
standardised mean difference (Hedges g) of 0.54 (95% CI 0.06–1.02; p = 0.33; I²=9.7%). Subgroup analysis of EQ‑5D 
outcomes across studies revealed minimal but statistically significant difference between strategies (pooled mean differ-
ence 0.084; 95% CI: 0.033 to 0.134). Mortality (hazard ratio 0.913; 95% CI 0.167–4.98) and transfusion reactions (risk 
difference − 0.01; 95% CI-0.10 to 0.09) did not differ. Notably, liberal thresholds required average of 4 additional RBC 
units per patient (95% CI 1.43–6.79), raising concerns about iron overload (rise in ferritin; mean difference 868 µg/L; 95% 
CI 482–1255). Limited evidence suggests that liberal transfusion strategies in MDS may improve short-term QoL but at 
the cost of increased transfusion burden, with no clear impact on survival or safety. A patient-centred, multidisciplinary 
approach remains essential when tailoring transfusion thresholds.
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(IPSS-M) [2]. Management plans rely heavily on this risk 
stratification. Guidelines from the British Society for Hae-
matology [3] and the European Society for Medical Oncol-
ogy [4] recommend a risk-stratified approach to managing 
symptomatic anaemia. For patients with low to intermedi-
ate-1 disease (IPSS system) or very low to intermediate 
(IPSS-R system), the initial management strategy predicts 
the likelihood of erythropoiesis-stimulating agent (ESA) 
with or without granulocyte-colony stimulating factor 
(G-CSF) response using the Nordic scoring model based on 
serum erythropoietin level and transfusion burden. Patients 
predicted to respond favourably should receive ESAs with 
or without granulocyte-colony stimulating factor (G-CSF), 
or erythroid maturation agents such as luspatercept. For 
patients with a low probability of ESA response, red cell 
transfusions should be initiated as first-line supportive treat-
ment for symptomatic anaemia.

In selected cases, such as hypoplastic MDS, immunosup-
pressive therapy with antithymocyte globulin and ciclospo-
rin may be considered [5]. Curative options like allogeneic 
haematopoietic stem cell transplantation (HSCT) are gener-
ally reserved for patients with intermediate-2 or high-risk 
disease. For older or comorbid patients not eligible for 
HSCT, transfusion support remains central to care [3–5]. 
The Swedish MDS register [6] mentions that around 50% 
patients were transfusion dependent at diagnosis.

Blood transfusions improve fatigue, pallor, and bleeding 
symptoms in patients with MDS. RBC transfusion strate-
gies are typically categorised as either liberal or restrictive. 
A liberal strategy applies a higher haemoglobin threshold to 
maintain higher levels, while a restrictive strategy adopts a 
lower threshold and seeks to minimise transfusion exposure 
and associated risks [7, 8].

Low Hb level has been found to be associated with infe-
rior quality of life among MDS patients and more specifi-
cally severity of anaemia has significant impact on quality 
of life of MDS patients [9–11]. Maintaining higher haemo-
globin through liberal transfusion may improve quality of 
life but also increases the risk of all the early and delayed 
adverse effects of blood transfusion. Following liberal trans-
fusion strategy enhances the risk of transfusion-related reac-
tions such as haemolytic reaction, transfusion related acute 
lung injury, circulatory overload. Allogenic blood transfu-
sion also enhances the risk of viral transmission such as HIV, 
hepatitis B, hepatitis C, Cytomegalovirus, Epstein–Barr 
virus and bacterial infections. Exposure to higher allogenic 
blood may cause iron overload, alloimmunisation [12].

Currently, there are no recommended clear transfusion 
strategies for patients with MDS. BSH guidelines suggest 
that clinicians may adopt individualised approaches, using 
tailored Hb thresholds for targeted symptom management 
of MDS patients [3]. However, the absence of standardised 

transfusion strategy creates a clinical dilemma, leading to 
variability in practice and uncertainty in optimal patient 
care. To date, no systematic review has comprehensively 
synthesised evidence comparing liberal versus restrictive 
transfusion thresholds for their impact on quality of life and 
transfusion-associated risks among MDS patients. A previ-
ous attempt at a systematic review in 2015 was limited by 
the absence of studies reporting quality-of-life outcomes 
[13]. To address this gap, we want to conduct an updated 
systematic review and meta-analysis. A preliminary feasi-
bility search has confirmed the availability of relevant data 
for synthesis.

Review objectives

This systematic review aims to assess the safety and effi-
cacy of a liberal versus restrictive red blood cell transfu-
sion threshold for managing better quality of life for patients 
with myelodysplastic syndrome (MDS) who are not receiv-
ing potentially curative treatment.

Methods

This systematic review and meta-analysis were conducted 
in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) guidelines 
[13]. We included randomised controlled trials (RCTs) and 
observational studies comparing restrictive versus liberal 
RBC transfusion thresholds in MDS patients. Case reports 
and single-arm studies were excluded. Studies were eligible 
for inclusion regardless of language, publication status, or 
year of publication.

Participants

Adults (≥ 18 years) with MDS receiving intermittent or reg-
ular RBC transfusions for supportive care and not undergo-
ing curative therapy (e.g. HSCT) were included. All MDS 
subtypes and risk categories (WHO, IPSS, IPSS-R, IPSS-
M) were eligible [2]. Studies limited to paediatric popula-
tions or other hematologic disorders were excluded unless 
adult MDS results were reported separately.

Interventions

All the studies that compared threshold-based transfu-
sion policies (restrictive versus liberal), accepting authors’ 
threshold definitions were included. For the purposes of 
this review, a restrictive transfusion threshold is one where 
patients receive transfusions only when haemoglobin (or 
haematocrit) falls below a specified lower trigger level, 
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whereas a liberal transfusion threshold allows transfusion at 
a higher haemoglobin level (for example, a restrictive policy 
might use a transfusion threshold of 7–8 g/dL or 70–80 g/L, 
and for liberal policy a transfusion threshold of 9–10 g/dL or 
90–100 g/L). The exact haemoglobin cut-off values defin-
ing “restrictive” and “liberal” policies may vary across stud-
ies. Co-interventions (e.g., iron chelation, ESAs, erythroid 
maturation agents) were permitted if balanced across groups 
and the transfusion threshold policy is the primary differ-
ence. Comparisons of transfusion versus no transfusion or 
unclear target policies were excluded.

Outcomes and timing

Outcomes were evaluated as reported in the studies; Health-
related quality of life measured with validated patient-
reported instruments (e.g., EQ-5D, FACT-An, EORTC 
QLQ-C30) was considered the primary outcome in this 
study. Overall, composite scores were extracted at available 
study reported time points. Secondary outcomes included 
all-cause transfusion-related adverse events; RBC utiliza-
tion (total units per patient, frequency of transfusion epi-
sodes, and transfusion intervals); iron overload as defined 
by study criteria. These outcomes were not used to deter-
mine eligibility but formed the basis for data extraction and 
analysis.

Information sources and search strategy

MEDLINE, EMBASE, the COCHRANE registry of clini-
cal trials (CENTRAL), Transfusion Evidence Library, and 
CINAHL electronic databases were searched without lan-
guage restriction from inception to the search date (August 
8, 2025). The search combined terms for myelodysplas-
tic syndromes, transfusion, and transfusion strategies are 
attached in Appendix 1. We additionally screened reference 
lists, conference proceedings, trial registries, regulatory 
websites, and thesis repositories, and contacted authors for 
unpublished data.

A two-stage screening process was followed as per 
Cochrane and PRISMA guidelines [14, 15]. Two reviewers 
independently screened titles/abstracts and then assessed 
full texts using a standardized eligibility checklist; dis-
agreements were resolved by discussion and, if necessary, 
adjudication by a third reviewer. Reasons for stage 1 and 
full-text exclusion were recorded, and the selection process 
was summarised in a PRISMA flow diagram [16] (Fig. 1).

Data were extracted independently by two reviewers 
using a piloted, standardized form. Data was entered into 
the Review Manager (Rayyan) and cross-checked by a sec-
ond reviewer.

Two review authors assessed the risk of bias indepen-
dently using established Cochrane tools, Risk of Bias 2 
(RoB 2 tool) [17] (Fig. 2). The independent assessment by 2 
reviewers were compared and any differences were resolved 
by discussion. A third reviewer was consulted upon nonres-
olution of differences. The results of risk of bias assessment 
were presented as a table and incorporated into results.

Measures of treatment effect

For the liberal vs. restrictive transfusion threshold com-
parison, summary effect measures were selected by 
outcome type. Dichotomous outcomes were pooled as 
risk ratios (RR) using Mantel–Haenszel methods; when 
events were rare and several arms had zero events, we 
instead pooled risk differences (RD) to retain double-
zero studies, applying a small continuity correction 
where required. Continuous outcomes were pooled as 
mean differences (MD) when the same scale was used 
and as standardised mean differences (SMD; Hedges’ g) 
when studies used different instruments or scales (e.g., 
EQ-5D index/SAUC vs. VAS). Time-to-event outcomes 
(e.g., overall mortality) were synthesised as hazard ratios 
(HR) using the generic inverse-variance method; when 
HRs and standard errors were not directly reported, we 
approximated them from available data following estab-
lished approaches [18, 19].

Where appropriate, absolute effects and NNT/NNH were 
derived from pooled estimates and representative baseline 
risks and are reported where interpretable. For QoL, we 
harmonised to the ~ 3-month (≈ 12-week) timepoint and 
pooled effects as Hedges’ g (SMD) to account for differing 
instruments.

Dealing with missing data

Study authors were contacted for missing outcomes. Inten-
tion-to-treat denominators were used when available. For 
dichotomous outcomes, participants lost to follow-up were 
treated as non-events unless study authors specified oth-
erwise. For continuous outcomes, we used study reported 
per-protocol/complete-case summaries when ITT means/
SDs were unavailable. When only medians and IQRs were 
reported, these were converted to means and SDs using stan-
dard formulae; when SDs were missing, they were imputed 
from available statistics. For the ferritin rise outcome, arm-
level SDs for one trial were borrowed from the otherdue 
to non-reporting; this imputation is declared in the Fig.  9 
legend and tested in sensitivity analyses. No other miss-
ing data were imputed beyond these standard conversions/
imputations.
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Data synthesis

Meta-analyses were performed in R using the meta package 
[20].

Dichotomous outcomes: Mantel–Haenszel RR with 95% 
CIs; for rare events with zero-event arms, RD was used to 
include double-zero trials.

Continuous outcomes: Inverse-variance MD or Hedges’ 
g (SMD) with small-sample correction.

Time-to-event outcomes: Generic inverse-variance pool-
ing of HRs (observed or approximated). Primary analyses 

Assessment of heterogeneity

Clinical and methodological heterogeneity were assessed 
qualitatively. Statistical heterogeneity was assessed with 
the χ² test and I², and τ² was estimated using the DerSimo-
nian–Laird (DL) method. Given anticipated between-study 
differences, the primary model was random-effects (DL); 
fixed-effect models were used in sensitivity analyses. When 
heterogeneity was very high and unexplained, we provided 
a descriptive synthesis and explored potential sources via 
pre-specified subgroup analyses.

Fig. 1  PRISMA flow diagram [16] detailing study selection process for systematic review, including identification, screening, and inclusion phases
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2.	 QoL instrument (EQ-5D index/SAUC vs. VAS).

Subgroup differences were examined via χ² tests for interac-
tion within stratified meta-analyses.

Sensitivity analysis

We (i) compared fixed-effect vs. random-effects models; (ii) 
repeated analyses excluding high risk-of-bias or high attri-
tion studies; (iii) re-ran continuous-outcome meta-analyses 
using alternative SD assumptions/conversions (including 
removing the borrowed SD for ferritin) to assess robustness 
of conclusions.

Results

After screening 4295 RCTs and observational studies 
only 3 RCTs were found eligible for inclusion [21–23] 
(Table 1). Details of the screening process are mentioned 
in Fig. 1.

used random-effects (DL); fixed-effect models were run for 
sensitivity. All tests were two-sided with P<0.05. Analyses are 
mentioned in results section figure 3 to figure 9. For datas-
ets reporting medians/IQR only, we converted to means/SDs 
wherever feasible; narrative synthesis was reserved for out-
comes not convertible. Double-zero trials were retained in RD 
analyses but would have been excluded from RR/OR models.

A Summary of Findings table was prepared using 
GRADE (Fig. 10). Outcomes included quality of life, all-
cause mortality, serious transfusion-related adverse events, 
and transfusion requirements. Any downgrading/upgrading 
is footnoted per GRADE guidance.

Subgroup analysis and investigation of 
heterogeneity

We performed exploratory, underpowered subgroup 
analyses:

1.	 Transfusion threshold level (e.g., restrictive trigger 7 vs. 
8 g/dL; or magnitude of separation between policies).

Fig. 3  Forest plot showing the standardized mean difference (Hedges’ 
g) in quality of life scores for three studies (Buckstein 2024, Stan-
worth 2020, Jansen 2020) [21–23] comparing liberal versus restric-
tive transfusion strategies. For each study, mean (Hedges’ g), standard 
error (SE), individual 95% confidence interval, and study weights are 

displayed. The plot presents both common (fixed) and random effects 
models as pooled estimates. Summary diamonds indicate the over-
all effects for each model. Measures of heterogeneity (I² = 9.6%, τ = 
0.129, p = 0.33) reveal low between-study variance

 

Fig. 2  Risk of bias assessment for included studies [21–23] across five domains using standard color-coded judgments [17]
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t-statistic for the between-arm difference (two-sided p = 
0.01, df ≈ 26). The formula d = t·√(1/n_L + 1/n_R) was 
applied to convert the t-statistic to a standardized mean dif-
ference with Hedges correction. Stanworth et al. [22] mea-
sured QoL using EQ‑5D‑5 L single area under the curve 
(SAUC) medians (IQR) by arm over 12 weeks. For approxi-
mation, medians were treated as means and SD estimated 
from IQR via SD ≈ IQR/1.35; and Hedges g computed from 
these approximations. Temple et al. [23] reported EuroQol 
visual analogue scale (VAS) scores (from 0–100) at speci-
fied intervals, providing means and SDs. For consistency 
across studies, the 3-month timepoint was selected as clos-
est to the typical 12-week endpoint. The forest plot in Fig. 
4 summarises the subgroup analysis of mean difference in 
QoL.

Subgroup analysis of mean difference in EQ-5D index 
quality-of-life scores comparing liberal versus restric-
tive transfusion strategies across two studies (Buckstein 
2024 and Stanworth 2020) [21, 22]. The pooled mean dif-
ference (MD) is 0.084 (95% CI: 0.033 to 0.134) (Fig. 4), 
favouring the liberal group with no observed heterogeneity 
( I2 = 0%). Clinically, this suggests a small but statistically 
significant improvement in patient-reported quality of life 
with a liberal transfusion strategy, though the magnitude of 
benefit may be of limited practical significance in the con-
text of clinical decision-making.

I) Analysis of primary outcome (QoL)

 A random-effects meta-analysis (using Hedges’ g for stan-
dardized mean difference) was performed on quality-of-life 
scores, as studies employed different validated instruments 
(EQ-5D index vs. EQ-5D SAUC vs. VAS) with vary-
ing metrics. Pooling results through standardized effect 
sizes allowed meaningful synthesis despite measurement 
heterogeneity.

Assessment of reporting biases

All study effect sizes favour the liberal transfusion strategy, 
with Buckstein 2024 [21] showing the largest benefit. The 
pooled effect under both models suggests a positive stan-
dardized mean difference (SMD = 0.54), with the fixed 
effect confidence interval [0.09, 0.99] excluding zero (statis-
tically significant), while the random effects interval [0.07, 
1.02] also suggests significance (Fig. 3) but accounts for 
potential heterogeneity.

Subgroup analysis by QoL instrument

In the study by Buckstein et al. [21], EQ‑5D‑3 L pre‑trans-
fusion means were reported; arm SDs were not reported. 
Hedges g derived from the reconstructed two-sample 

Table 1  Systematic review comparing Liberal and restrictive RBC transfusion approaches in MDS patients for patient reported quality of life score 
(Hedges g)
Study QoL Instrument n (L) n (R) Hedges g SE 95% CI Weight% 

(RE)
Fol-
low up 
period 
(months)

 Buckstein 2024 (RBC‑ENHANCE) 
(21)

EQ‑5D‑3 L (pre‑transfusion 
mean)

15 13 1.022 0.405 0.229 to 
1.815

32.9 3

 Stanworth 2020 (REDDS) (22) EQ‑5D‑5 L (SAUC, 
median→mean; IQR→SD) *

18 20 0.374 0.328 −0.268 to 
1.017

47.5 3

 Jansen 2020 (TEMPLE) (23) EuroQol VAS (0–100) at ~ 3 
months

7 7 0.147 0.535 −0.902 to 
1.196

19.6 3

Abbreviations: L, liberal; R, restrictive; SE, standard error; DL, DerSimonian–Laird

Fig. 4  Forest plot summarising the subgroup analysis of mean differ-
ence in quality-of-life EQ-5D index scores between liberal transfusion 
and restrictive transfusion recipient groups across two studies (Buck-
stein 2024 and Stanworth 2020) [21, 22] with individual study effects 

as blue squares and pooled estimates as red diamonds. The pooled 
mean difference favours the liberal strategy with no statistical hetero-
geneity ( I2 = 0%, random effects model)
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(Fig. 7), indicating no significant difference in overall mor-
tality between groups.

IIC) Analysis of transfusion reactions  It was observed in 
RBC-ENHANCE trial (21) that patients in liberal arm had 
one episode of allo-immunization and one febrile nonhe-
molytic transfusion reaction. No reaction observed in the 
restrictive arm. The Temple and REDDS studies (22, 23) 
reported no adverse transfusion reactions in either the lib-
eral or restrictive transfusion arms, indicating similar safety 
profiles between the two strategies in these trials. The over-
all pooled risk difference is−0.01 (95% CI: −0.10 to 0.09), 
indicating no statistically significant difference in transfu-
sion reactions between the groups as shown in Fig 8.

IID) Analysis of rise in ferritin level (Fig. 
9)  Discussion

The main objective of conducting this systematic review and 
meta-analysis was to compare safety and clinical outcomes 
of a liberal blood transfusion strategy and a restrictive blood 
transfusion strategy for patients with myelodysplastic syn-
drome who are not eligible or do not have access to haema-
topoietic stem cell transplant. The certainty of evidence for 
the whole population was low to moderate.

II) Analysis of secondary outcomes

IIA) pooled mean difference in red blood cell (RBC) units 
transfused  For Temple study by Jansen et al. [23] there 
were no SD data provided in the manuscript. So, it was 
imputed. For the REEDS study by Stanworth et al. [22] 
the median with IQR data was converted to mean and SD. 
Figure 5 forest plot demonstrated that liberal transfusion is 
associated with a significantly higher mean number of RBC 
units transfused per patient (random effects pooled mean 
difference 4.11 units; 95% CI 1.43 to 6.79). Moderate het-
erogeneity was observed (I² = 49.1%, p = 0.14).

Subgroup analysis of mean number of red cell units 
transfused per patient

Subgroup meta-analysis of two randomized controlled trials 
(Stanworth 2020 and Buckstein 2024) [21, 22] demonstrated 
that liberal transfusion strategies resulted in a significantly 
greater mean number of red cell units transfused per patient 
compared to restrictive strategies (pooled mean difference 
5.32 units; 95% CI 3.36 to 7.29) (Fig. 6). There was no evi-
dence of statistical heterogeneity (I² = 0%).

IIB) Analysis of mortality hazard ratio  It was observed that 
overall pooled hazard ratio is 0.913 (95% CI: 0.167 to 4.98) 

Fig. 6  Subgroup analysis forest plot of the mean difference in red cell units transfused per patient between liberal and restrictive transfusion strate-
gies in two trials. Blue squares represent individual study effects; the red diamond shows the pooled mean difference estimate

 

Fig. 5  Forest plot of the mean difference in red blood cell units trans-
fused per patient between liberal and restrictive transfusion recipient 
groups across three studies. Boxes represent the weighted mean differ-

ence for each study; horizontal lines represent 95% confidence inter-
vals. The red diamond indicates the overall pooled mean difference 
estimate using a random-effects model 
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in this evidence is low due to limitations like small study 
sizes, differences in quality-of-life measures used, some 
study design issues (two feasibility/pilot trials and one pre-
maturely terminated; clinicians unblinded) [21–23], con-
cerns of bias and imprecision (small total N and wide CI) in 
the results. Only 1 study [23] included 12 months of follow 
up and data consistently shows better patient reported qual-
ity of life and less fatigue in the liberal transfusion strategy 
group (Supplementary Fig. 2). Despite these limitations, all 
studies consistently showed better quality of life with liberal 

In three small, randomised studies of patients with MDS 
who need transfusions, using a liberal transfusion strat-
egy (keeping haemoglobin targets ~ 110–125 g/L or trig-
ger < 9.7 g/dL) led to better patient-reported quality of life 
compared to a restrictive strategy (with lower haemoglo-
bin targets ~ 85–105 g/L or trigger < 7.3 g/dL). The com-
bined effect showed a moderate improvement in quality of 
life (Hedges g of 0.54) over 3 months period and possibly 
modestly lower fatigue (Hedges g of -0.12; lower is bet-
ter; Supplementary Fig. 1). However, the overall confidence 

Fig. 9  Forest plot of the absolute mean difference in ferritin rise (µg/L) 
between liberal and restrictive transfusion strategies in two studies [21, 
22]. Buckstein 2024 [21] values are directly observed from patient-
level data. Stanworth 2020 [22] values are imputed using participant-
weighted back-calculation from pooled arm means and SDs borrowed 
from Buckstein 2024 [21], due to lack of reported arm-level summary 

statistics of ferritin level. Each row shows study arm sample sizes, 
mean and standard deviation of ferritin rise, and the associated mean 
difference (MD) with 95% confidence interval. The right panel dis-
plays the summary pooled effect for both the common (fixed) effect 
and random effects models, with heterogeneity statistics (I², τ)

 

Fig. 8  Forest plot depicting the risk difference for transfusion reaction 
rates across three studies [21–23]. Each study’s point estimate (RD) 
and 95% confidence interval (CI) are presented, with the square size 

reflecting the study’s weighting in the meta-analysis. The pooled esti-
mate from the random effects model is illustrated by a diamond, whose 
width represents the 95% CI. Study heterogeneity is low (I² = 0%)

 

Fig. 7  Forest plot illustrating the hazard in overall mortality between 
liberal transfusion and restrictive transfusion recipient groups for three 
studies [21–23]. The hazard ratio (HR) and corresponding 95% con-
fidence intervals (CI) are displayed for each study, with the size of 

the blue squares proportional to the study weight. The pooled estimate 
from the random effects model is represented by a diamond, with its 
width indicating the 95% CI. Heterogeneity among studies is low (I² 
= 0%) 
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group than the restrictive group. In a recent study by Buck-
stein et al. [26] which pooled two trials REDDS and RBC-
ENHANCE [21, 22], it was observed that mean ferritin 
levels were similarly elevated at baseline in both groups. 
However, over time, increased significantly more in the lib-
eral transfusion arm by 926 µg/L (95% CI: 1446 to 2095), 
compared to a modest increase of 28 µg/L (95% CI: -864 to 
922) in the restrictive arm, indicating a substantially higher 
risk of iron accumulation with liberal transfusion. They also 
reported higher inter-transfusion intervals in the restrictive 
arm (18.9 ± 9.9 days) than in liberal arm (13 ± 7.5 days). 
This means liberal group had frequent hospital visit than 
restrictive blood transfusion recipients.

Liberal blood transfusion does not enhance the overall 
mortality rate; pooled hazard ratio is 0.913 (95% CI: 0.167 
to 4.98) with negligible heterogeneity (I² = 0%). There 
was no evidence of increased risk of transfusion reaction 
related risk in the liberal transfusion recipient group (pooled 
risk difference − 0.01, 95% CI − 0.10 to 0.09), though they 
received 5 units of higher blood transfusion than restric-
tive transfusion recipients. Certainly, recipients of blood 
transfusion as per liberal strategy did not experience extra 
short-term hazards related to transfusion than the restrictive 
group.

Liberal transfusion recipients on short term (12 weeks) 
to medium term (3 to 12 months) follow up did not have 

transfusion. Subgroup analysis of studies reporting EQ-5D 
index scores was performed due to clinical heterogeneity of 
Hb threshold reported in different studies and tools used to 
report quality of life. The pooled mean difference of 0.084 
(95% CI: 0.033 to 0.134) favours the liberal transfusion 
strategy, with no observed heterogeneity. This indicates a 
small but statistically significant improvement in quality-of-
life, though the real-world clinical impact is likely minimal.

For RBC utilisation, patients in the liberal transfusion 
recipients received a significantly higher mean number of 
RBC units per patient (pooled mean difference 4.11 units; 
95% CI 1.43–6.79), with moderate heterogeneity (I² = 
48.7%). Subgroup meta-analysis of two RCTs further con-
firmed that liberal strategies led to increased transfusion 
requirements (pooled mean difference 5.32 units; 95% CI 
3.36–7.29), without notable statistical heterogeneity.

Accumulation of iron stores far beyond physiological 
needs result in tissue damage and organ dysfunction mostly 
of heart, liver and endocrine organs. Liver fibrosis, liver fail-
ure, endocrine dysfunctions such as diabetes, hypothyroid-
ism, hypoparathyroidism, Cardiac siderosis, left ventricular 
heart failure are complications of persistent iron overload 
[24, 25]. The current meta-analysis reinforces that liberal 
strategies while improving quality of life significantly 
increases cumulative iron intake. In this study we noted 
a significant rise in ferritin level in the liberal transfusion 

Fig. 10  GRADE Summary of Findings comparing of safety and efficacy of liberal versus restrictive RBC transfusion thresholds on the quality of 
life in patients with MDS
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Future prospect

Greater certainty about the safety and efficacy of liberal 
red cell transfusion threshold on quality-of-life outcomes 
will require rigorously designed, adequately powered ran-
domised controlled trials with long-term follow-up that 
report outcomes by established MDS risk strata [33]. Cur-
rent evidence is insufficient to permit IPSS‑R based sub-
group analyses in this systematic review and meta-analysis.

Limitation

This review is limited by the small sample sizes of the 
included studies, which reduces the statistical power to 
detect differences and increases uncertainty around effect 
estimates. The limited number of participants also restricts 
the ability to perform robust subgroup analyses to explore 
potential effect modifiers. Additionally, there is consider-
able heterogeneity in the definitions of liberal and restric-
tive transfusion thresholds, QoL instruments across studies 
which contribute to challenges in directly comparing results 
and synthesizing findings. This inconsistency may affect the 
generalisability of the conclusions and underscores the need 
for standardised transfusion criteria in future research.

Conclusion

In summary, it is difficult to reach a definitive conclusion 
given the relatively few included studies, low number of 
included participants, heterogeneity of intervention, and 
overall uncertainty of evidence. Liberal transfusion strate-
gies in MDS patients appeared to improve patient reported 
quality of life with the trade-off of substantially increased 
transfusion requirements but did not significantly alter mor-
tality or transfusion-related adverse event rates on short 
term follow up. Study heterogeneity for safety outcomes 
was minimal across meta-analyses. However, there are lim-
ited assessment of long-term consequences such as impact 
of iron overload or increased transfusion burden on cardiac 
remodelling, mortality, or other adverse effects in both trans-
fusion arms. Based on the limited current evidence, a patient 
centric multidisciplinary team approach tailored to individ-
ual needs is essential to develop. To increase the certainty of 
safety and efficacy of a liberal red cell transfusion strategy 
on quality-of-life outcomes, there is a need for rigorously 
designed and executed studies specifically randomised con-
trolled trials in larger populations with long term follow up.

Supplementary information  The online version contains supplementary 
material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​2​7​7​-​0​2​6​-​0​6​7​8​9​-​5.

extra risk of transfusion reaction and mortality. However, 
they had received around extra 4–5 units of red blood trans-
fusion and higher rise of ferritin level than the patients who 
were followed with restrictive blood transfusion thresh-
old. Though liberal transfusion threshold had better patient 
reported better quality of life, based on the limited evidence, 
short follow up period and concerns for iron overload, this 
systematic review and meta-analysis could not recommend 
a liberal transfusion threshold for all MDS patients. Quality 
of life among MDS patients is not only dependent on Hb 
level [27]. So, the decision for blood transfusion threshold 
for MDS patients must be based on patient centred and mul-
tidisciplinary team approach involving medicine, haematol-
ogy, oncology, physical medicine and rehabilitation, nursing 
staff, occupational therapist and transfusion specialists may 
be beneficial [3, 7, 28, 29].

The life expectancy of high and very high risk MDS 
patients, categorised as per IPSS-R [2] are limited to less 
than 1 year in majority patients [2, 6]. Whereas low risk and 
very low risk groups are managed long term with ESAs and 
have longer life expectancy. For very low risk and low risk 
MDS patients, the goal is to reduce transfusion dependence 
and to preserve quality of life while avoiding transfusion 
related complications [3, 4]. Adopting a restrictive transfu-
sion strategy in very low risk and low risk MDS patients’ 
group can mitigate long term complications. However, this 
decision must be framed within multidisciplinary team dis-
cussion based on patient reported quality of life, balanc-
ing symptomatic benefit rather than following the strict Hb 
threshold. Liberal transfusion strategies appear to provide 
better improvement in quality of life in the short-term prob-
ably by maintaining higher haemoglobin levels that alle-
viate anaemia related symptoms and enhance functional 
status without much hazard of mortality and transfusion 
reaction. So, this strategy may be particularly helpful for 
patients at end-of-life and shorter life expectancy such as 
conservatively managed high-risk and very high risk MDS 
patients.

Across resource-limited settings in Asia, South Amer-
ica, and Africa, MDS transfusion support is constrained 
by limited blood supply, infrastructure gaps, inconsistent 
screening, and scarce access to chelation, heightening 
risks of iron overload and transfusion-transmitted infec-
tions [30–32] despite transfusions’ essential role in reliev-
ing symptomatic anaemia and improving quality of life. 
Equity-focused, context-specific guidance should balance 
benefits against risks and capacity, considering a liberal 
approach for patients with limited life expectancy after 
counselling on long-term harms while favouring a restric-
tive strategy for others to minimise iron burden and infec-
tious risk.
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